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(57) ABSTRACT

A film member in a development device can vibrate with
respectto an internal wall in the development device. An idler
gear in the development device includes a projection and is
reciprocally movable between a first position and a second
position. The first position is a position where the projection
is apart from an end edge of the film member in response to a
rotation of a toner supply roller when image formation is
performed. The second position is a position where the pro-
jection overlaps with the end edge of the film member in
response to a reverse rotation of the toner supply roller when
image formation is not performed. The projection causes the
film member to vibrate by intermittently coming into contact
with the end edge of the film member along with a rotation of
the idler gear at the second position.

17 Claims, 11 Drawing Sheets
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1
DEVELOPMENT DEVICE AND IMAGE
FORMING APPARATUS INCLUDING THE
SAME

INCORPORATION BY REFERENCE

The present application claims priority under 35 U.S.C.
§119 to Japanese Patent Application No. 2012-253476, filed
Now. 19, 2012. The contents of this application are incorpo-
rated herein by reference in their entirety.

BACKGROUND

The present disclosure relates to development devices that
supply toner to an image carrier and electrophotographic
image forming apparatuses including the development
device.

An electrophotographic image forming apparatus forms an
electrostatic latent image by irradiating a circumferential sur-
face of an image carrier (photosensitive drum) with light
based on image information read from an original image or
image information obtained, by transmission and so on, from
an outer device such as a computer. The image forming appa-
ratus supplies toner from the development device to the elec-
trostatic latent image and forms a toner image, and then
transfers the toner image onto paper. After the transfer pro-
cessing, fusing processing is performed on the toner image,
and then the paper is ejected externally.

The following describes a development method using a dry
toner in an image forming apparatus using an electrophoto-
graphic process. For the development method, a two compo-
nent developer is used. The two component developer
includes a magnetic carrier and toner. A magnetic roller (toner
supply roller) and a development roller are used. The mag-
netic roller carries the developer. The development roller only
carries toner. In transitioning the toner onto the development
roller using the magnetic roller, a toner thin layer is formed by
transitioning only non-magnetic toner onto the development
roller, with the magnetic carrier remaining on the magnetic
roller. The development roller is disposed so as not to have
contact with the photosensitive drum. In an opposite area
(development area) where the development roller and the
photosensitive drum are opposing each other, the toner is
attached to the electrostatic latent image on the photosensitive
drum by alternating electric field.

In recent years, in the image forming apparatus, an appa-
ratus configuration has become more complicated along with
progress in color printing and high-speed processing. In addi-
tion, to respond to high-speed processing, high rotation of a
toner stirring member within the development device is
required. Especially, according to the development method as
described above, in an opposite area where the development
roller and the magnetic roller are opposing each other, a
magnetic brush formed on the magnetic roller causes only the
toner to be carried by the development roller. Furthermore,
the toner that has not been used for the development is taken
off the development roller. This is likely to cause the toner to
float in the vicinity of the opposite area where the develop-
ment roller and the magnetic roller are opposing each other. In
some cases, such floating toner accumulates in a periphery of
an ear-cutting blade (restricting blade). The accumulated
toner, which clumps tighter and adheres to the development
roller, is likely to cause an image defect due to toner drop.

To solve such problems, a certain image forming apparatus
includes a wall. The wall is provided between the restricting
blade and the development area, and is opposing the devel-
opment roller. In the wall, a flexible sheet member and an
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2

elliptical roller are provided. The sheet member forms a part
of an internal surface of the wall and is also capable of
swinging in a direction perpendicular to the internal surface
of'the wall. The elliptical roller swings the sheet member.

In addition, a certain development device includes an exci-
tation mechanism. The excitation mechanism provides accel-
eration to the toner. The direction of the acceleration is a
direction in which the toner adhering to a wall of the devel-
opment device is shaken off into the case.

Furthermore, a certain image forming apparatus oscillates
a drive motor itself. The drive motor drives a flow means. The
flow means causes the toner in the toner case to flow. The
development device prevents toner from remaining on the
internal surface of the wall in the toner case by transmitting
the oscillation of the drive motor to the toner case.

SUMMARY

According to a first aspect of the present disclosure, a
development device includes a development roller, a toner
supply roller, a restricting blade, and a casing. The develop-
ment roller is disposed opposite to an image carrier on which
an electrostatic latent image is formed, and supplies toner to
the image carrier in an area opposing the image carrier. The
toner supply roller is disposed opposite to the development
roller and supplies toner to the development roller in an area
opposing the development roller. The restricting blade is dis-
posed opposite to the toner supply roller at a first predeter-
mined distance. The casing houses the development roller, the
toner supply roller, and the restricting blade.

The casing includes an internal wall. The internal wall is
opposing the development roller between the restricting blade
and the image carrier. The development device includes a film
member having flexibility, a biasing member, and an idler
gear. The film member is disposed at a second predetermined
distance from a top surface of the internal wall and is capable
of vibrating in a direction in which the film member moves
closer to or apart from the internal wall. The biasing member
is connected to at least one end in a longitudinal direction of
the film member and provides tension to the film member. The
idler gear is a helical gear.

The idler gear includes at least one projection. The idler
gear is reciprocally movable between a first position and a
second position along a rotational axis of the idler gear. The
first position is a position where the projection is apart from
anend edge of the film member in response to a rotation of the
toner supply roller when image formation is performed. The
second position is a position where the projection overlaps
with the end edge of the film member in response to a reverse
rotation of the toner supply roller when image formation is
not performed. The projection causes the film member to
vibrate by intermittently coming into contact with the end
edge of the film member along with the rotation of the idler
gear positioned at the second position.

According to a second aspect of the present disclosure, an
image forming apparatus includes the development device
according to the first aspect of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic configuration diagram of an image
forming apparatus 100 that includes development devices
from a development device 3a to a development device 3d
according to the present disclosure.

FIG. 2 is a perspective view of the development device 3a
according to a first embodiment of the present disclosure.
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FIG. 3 is a side cross-sectional view of the development
device 3a according to the first embodiment of the present
disclosure.

FIG. 41s aperspective view of a sleeve cover 37 used for the
development device 3a according to the first embodiment of
the present disclosure, as viewed from an inside of a devel-
oper container 20.

FIG. 5 is an enlarged perspective view of a vicinity of a
rear-side edge of the sleeve cover 37 used for the development
device 3a according to the first embodiment of the present
disclosure.

FIG. 6 is an enlarged perspective view of a rear side of the
development device 3a according to the first embodiment of
the present disclosure, as viewed from a side of a photosen-
sitive drum 1a.

FIG. 7 is an enlarged perspective view of a front side of the
development device 3a according to the first embodiment of
the present disclosure, as viewed from the side of the photo-
sensitive drum 1a.

FIG. 8 is a schematic perspective view showing a posi-
tional relationship between an idler gear 41, a drive input gear
45a, a drive input gear 45b, and a protruding piece 40c in a
film member 40, when the toner supply roller 30 rotates
forward, in the development device 3a according to the first
embodiment of the present disclosure.

FIG. 9 is a partial enlarged view showing a state of engage-
ment between the idler gear 41, the drive input gear 45a, and
the drive input gear 456 in FIG. 8, in the development device
3a according to the first embodiment of the present disclo-
sure.

FIG. 10 is a schematic perspective view showing a posi-
tional relationship between the idler gear 41, the drive input
gear 45aq, the drive input gear 455, and the protruding piece
40c¢ in the film member 40, in the development device 3a
according to the first embodiment of the present disclosure,
when the toner supply roller 30 reversely rotates.

FIG. 11 is a partial enlarged view showing a state of
engagement between the idler gear 41, the drive input gear
454, and the drive input gear 454 in FIG. 10, in the develop-
ment device 3a according to the first embodiment of the
present disclosure.

FIG. 12 is a side cross-sectional view of a vicinity of the
sleeve cover 37 of the development device 3a according to the
first embodiment of the present disclosure.

FIG. 13 is a side cross-sectional view of the development
device 3a according to a second embodiment of the present
disclosure.

FIG. 14 is a partial enlarged view of a periphery of an
ear-cutting blade 33 in FIG. 13, in the development device 3a
according to the second embodiment of the present disclo-
sure.

FIG. 15 is a perspective view showing a state in which the
sleeve cover 37 is removed from the development device 3a
according to the second embodiment of the present disclo-
sure.

FIG.16is a perspective view of the sleeve cover 37 used for
the development device 3a according to the second embodi-
ment of the present disclosure, as viewed from a contact
surface side on which the sleeve cover 37 has contact with the
ear-cutting blade 33.

FIG. 17 is a plan view showing a state in which a position-
ing pin 53a is engaged with a pin hole 574, in the development
device 3a according to the second embodiment of the present
disclosure.

FIG. 18 is a cross-sectional view showing a state in which
the positioning pin 53a is engaged with the pin hole 57a, in
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the development device 3a according to the second embodi-
ment of the present disclosure.

FIG. 19 is a side cross-sectional view showing s develop-
ment device 3a according to the present disclosure, in which
configurations of the toner supply roller 30 and the develop-
ment roller 31 are reversal to those in FIG. 3.

DETAILED DESCRIPTION

The following describes embodiments according to the
present disclosure with reference to the drawings.

First Embodiment

FIG. 1 is a schematic cross-sectional view of an image
forming apparatus 100 in which a development device 3a, a
development device 3b, a development device 3¢, and a
development device 34 according to a first embodiment of the
present disclosure are incorporated. The image forming appa-
ratus 100 shown in FIG. 1 is a color image forming apparatus
of'atandem system. The following describes a color printer as
an example of the image forming apparatus 100.

A main body of the color printer 100 includes four image
forming sections: an image forming section Pa, an image
forming section Pb, an image forming section Pc, and an
image forming section Pd that are provided in order, from
upstream in a rotational direction of an intermediate transfer
belt 8 (the right side in FIG. 1). The image forming sections Pa
to Pd are provided corresponding to images in four different
colors (cyan, magenta, yellow, and black). The image form-
ing section Pa, the image forming section Pb, the image
forming section Pc, and the image forming section Pd sequen-
tially form an image in cyan, an image in magenta, an image
in yellow, and an image in black, respectively, according to
each procedure of charging, exposure, development, and
transfer.

The image forming section Pa, the image forming section
Pb, the image forming section Pc, and the image forming
section Pd include, respectively, a photosensitive drum 1a, a
photosensitive drum 15, a photosensitive drum 1¢, and a
photosensitive drum 1d. Each of the photosensitive drums 1a
to 14 functions as an image carrier. The photosensitive drum
1a, the photosensitive drum 15, the photosensitive drum 1c,
and the photosensitive drum 14 carry, respectively, a visible
image (toner image) in cyan, a visible image (toner image) in
magenta, a visible image (toner image) in yellow, and a vis-
ible image (toner image) in black. In addition, the intermedi-
ate transfer belt 8 is provided adjacent to the image forming
sections Pa to Pd. The intermediate transfer belt 8 is caused to
rotate in a clockwise direction in FIG. 1 by a drive means (not
shown).

The toner image formed on each of the photosensitive
drums 1a to 1d is sequentially primary transferred and super-
imposed onto the intermediate transfer belt 8 that moves in
contact with a corresponding one of the photosensitive drums
1a to 1d. Subsequently, the toner image that is primary trans-
ferred onto the intermediate transfer belt 8 is secondary trans-
ferred, by an action of a secondary transfer roller 9, onto
transfer paper P as an example of a recording medium. Fur-
thermore, after the toner image is fused in a fusing section 13,
the transfer paper P on which the toner image is secondary
transferred is ejected from the main body of the color printer
100. The image forming process is performed on each of the
photosensitive drums 1a to 1d in FIG. 1, with each of the
photosensitive drums 1a to 14 being rotated in an anticlock-
wise direction.
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The transfer paper P on which the toner image is secondary
transferred is stored in a paper cassette 16. The paper cassette
16 is disposed in a lower part of the main body of the color
printer 100. The transfer paper P is carried to a nip section via
apaper feed roller 12a and a pair of resist rollers 1254. The nip
section includes the secondary transfer roller 9 and a drive
roller 11 for the intermediate transfer belt 8 that is to be
described later. For the intermediate transfer belt 8, a dielec-
tric resin sheet is used. In addition, for the intermediate trans-
fer belt 8, a seam-free (seamless) belt is mainly used. In
addition, a belt cleaner 19 is disposed more downstream in a
conveyance direction than the secondary transfer roller 9. The
belt cleaner 19 has a blade shape and removes the residual
toner and so on from the surface of the intermediate transfer
belt 8.

Next, the image forming sections Pa to Pd will be
described. Each of the photosensitive drums 1a to 14 is rotat-
ably provided. Around the photosensitive drum 1a, a charger
2a, the development device 3a, and a cleaning section 7a are
provided. Around the photosensitive drum 15, a charger 25,
the development device 35, and a cleaning section 75 are
provided. Around the photosensitive drum 1c, a charger 2c,
the development device 3¢, and a cleaning section 7¢ are
provided. Around the photosensitive drum 1d, a charger 2d,
the development device 3d, and a cleaning section 7d are
provided.

The charger 2a, the charger 25, the charger 2¢, and the
charger 2d charge, respectively, the photosensitive drum 1a,
the photosensitive drum 15, the photosensitive drum 1¢, and
the photosensitive drum 1d. The development device 3a, the
development device 35, the development device 3¢, and the
development device 3d form, respectively, toner images on
the photosensitive drum 1a, the photosensitive drum 15, the
photosensitive drum 1¢, and the photosensitive drum 1d. The
cleaning section 7a, the cleaning section 7b, the cleaning
section 7¢, and the cleaning section 7d remove, respectively,
the residual toner and so on from the photosensitive drum 1a,
the photosensitive drum 15, the photosensitive drum 1¢, and
the photosensitive drum 1d.

Below the photosensitive drums la to 1d, an exposure
device 5 is provided. The exposure device 5 exposes image
information on each of the photosensitive drums 1a to 1d.

When the image data is entered from a higher-level device
such as a PC and so on, first, the chargers 2a to 2d uniformly
charge, respectively, surfaces of the photosensitive drums 1a
to 1d. Next, the exposure device 5 irradiates each of the
photosensitive drums 1a to 14 with light according to the
image data, thereby forming an electrostatic latent image
according to the image data on each of the photosensitive
drums 1a to 1d. Each of the development devices 3a to 3d is
filled with a two component developer. The two component
developer includes toner and a carrier. In other words, the
development device 3a is filled with a predetermined amount
of'two component developer including cyan toner. The devel-
opment device 35 is filled with a predetermined amount of
two component developer including magenta toner. The
development device 3¢ is filled with a predetermined amount
of two component developer including yellow toner. The
development device 3d is filled with a predetermined amount
of two component developer including black toner. The car-
rier included in the two component developer is, for example,
a magnetic carrier.

It should be noted that when the percentage of toner in the
two component developer filled in the development device 3a
is below a given value as a result of forming the toner image
as described below, cyan toner is supplied from the toner
container (supply means) 4a to the development device 3a.
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When the percentage of toner in the two component devel-
oper filled in the development device 354 is below a given
value as a result of forming the toner image, magenta toner is
supplied from the toner container (supply means) 45 to the
development device 3b. When the percentage of toner in the
two component developer filled in the development device 3¢
is below a given value as a result of forming the toner image,
yellow toner is supplied from the toner container (supply
means) 4¢ to the development device 3c. When the percentage
of toner in the two component developer filled in the devel-
opment device 3d is below a given value as a result of forming
the toner image, black toner is supplied from the toner con-
tainer (supply means) 4d to the development device 3d.

The toner included in the developer is supplied onto the
photosensitive drums 1a to 14 by the development devices 3a
to 3d, and is electrostatically attached to the photosensitive
drums 1a to 1d. As a result, on each of the photosensitive
drums 1a to 1d, a toner image is formed according to the
electrostatic latent image formed by the exposure from the
exposure device 5.

Then, a primary transfer roller 6a provides an electric field
at a predetermined transfer voltage, between the primary
transfer roller 6a and the photosensitive drum 1a. As a result,
the toner image in cyan on the photosensitive drum 1a is
primary transferred onto the intermediate transfer belt 8. A
primary transfer roller 65 provides an electric field at a pre-
determined transfer voltage, between the primary transfer
roller 65 and the photosensitive drum 15. As a result, the toner
image in magenta on the photosensitive drum 15 is primary
transferred onto the intermediate transfer belt 8. A primary
transfer roller 6¢ provides an electric field at a predetermined
transfer voltage, between the primary transfer roller 6¢ and
the photosensitive drum 1c. As a result, the toner image in
yellow on the photosensitive drum 1c is primary transferred
onto the intermediate transfer belt 8. A primary transfer roller
6d provides an electric field at a predetermined transfer volt-
age, between the primary transfer roller 64 and the photosen-
sitive drum 1d. As a result, the toner image in black on the
photosensitive drum 14 is primary transferred onto the inter-
mediate transfer belt 8.

These images in the four colors are formed with a prede-
termined positional relationship that is previously designated
for forming a predetermined full-color image. Subsequently,
in preparation for subsequent forming of another electrostatic
latent image, the residual toner and so on, which remain on
the surfaces of the photosensitive drums 1a to 1d after the
primary transfer, are removed by the cleaning sections 7a to
7d after the primary transfer.

The intermediate transfer belt 8 is wound around both a
driven roller 10 provided upstream in the rotational direction
and the drive roller 11 provided downstream in the rotational
direction. The intermediate transfer belt 8 starts rotating in a
clockwise direction along with a rotation of the drive roller 11
caused by a drive motor (not shown). When the intermediate
transfer belt 8 starts rotating, the transfer paper P is carried to
a nip section (secondary transfer nip section) from the pair of
resist rollers 126 with predetermined timing. The nip section
includes the drive roller 11 and the secondary transfer roller 9
provided adjacent to the drive roller 11. In the nip section, the
toner image (full-color image) on the intermediate transfer
belt 8 is secondary transferred onto the transfer paper P. The
transfer paper P on which the toner image is secondary trans-
ferred is carried to the fusing section 13.

The transfer paper P carried to the fusing section 13 is
provided with heat and pressure by a pair of fusing rollers
13a. As a result, the toner image is fused onto the surface of
the transfer paper P, so that the predetermined full-color
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image is formed. A branching section 14 sets the conveyance
direction for carrying the transfer paper P on which the full-
color image has been formed, to one of a plurality of convey-
ance directions. In other words, the branching section 14
allocates the transfer paper P into a conveyance path along
one of the conveyance directions. In the case of forming an
image only on one side of the transfer paper P, the transfer
paper P is directly ejected into an exit tray 17 by an exit roller
15.

On the other hand, in the case of forming an image on both
sides of the transfer paper P, the transfer paper P, which has
passed through the fusing section 13, is once carried to the
exit roller 15. Then, after a rear end of the transfer paper P
passes through the branching section 14, the exit roller 15 is
caused to reversely rotate, along with switching the convey-
ance direction by the branching section 14. With this, the
transfer paper P is allocated, starting from the rear end, into a
paper conveyance path 18, and is carried again to the second-
ary transfer nip section with the surface on which the image is
formed being reversed. Then, the next toner image formed on
the intermediate transfer belt 8 is secondary transferred, by
the secondary transfer roller 9, onto a surface, on which the
image is not formed, of the transfer paper P. The transfer
paper P on which the toner image is secondary transferred is
carried to the fusing section 13 to have the toner image fused
thereon, and is subsequently ejected into the exit tray 17.

FIG. 2 is an external perspective view of the development
device 3a according to the first embodiment of the present
disclosure. FIG. 3 is a schematic side cross-sectional view of
the development device 3a according to the first embodiment.
It should be noted that FIG. 3 shows a state of the develop-
ment device 3a as viewed from a back side in FIG. 1. There-
fore, when compared, the position of each member in the
development device 3a as shown in FIG. 3 and the position of
each member in the development device 3a as shown in FIG.
1 are left-right reversal. In addition, the following description
illustrates the development device 3a provided in the image
forming section Pa in FIG. 1, but the development devices 35
to 3d provided in the image forming sections Pb to Pd have
basically the same configuration as the development device
3a, and therefore the descriptions thereof are omitted. In
addition, in the description hereafter, a front side of the main
body of the color printer 100 is referred to as a front side, and
a back side of the main body of the color printer 100 is
referred to as a rear side. For example, in FIG. 2, a right end
of the development device 3a is the front side, and a left end
is the rear side.

As shown in FIG. 2 and FIG. 3, the development device 3a
includes a developer container 20 in which the two compo-
nent developer (hereinafter, also simply referred to as the
developer) is stored. The developer container 20 functions as
a casing. The developer container 20 houses a development
roller 31, a toner supply roller 30, the ear-cutting blade 33, a
stir conveyance screw 254, and a supply conveyance screw
25b. The ear-cutting blade 33 functions as a restricting blade.

The developer container 20 is partitioned, by a partition
wall 20q, into a stir conveyance chamber 21 and a supply
conveyance chamber 22. In the stir conveyance chamber 21,
the stir conveyance screw 254 is rotatably provided. In the
supply conveyance chamber 22, the supply conveyance screw
25b is rotatably provided. Each of the stir conveyance screw
25a and the supply conveyance screw 256 mixes the toner
(positively-charged toner) supplied from the toner container
4a (see FIG. 1) with the carrier and stirs the mixture, thereby
charging the mixture.

Then, the developer (toner and carrier), while being stirred
by the stir conveyance screw 254 and the supply conveyance
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screw 255, is carried in an axis direction (a direction perpen-
dicular to the plane of paper in FIG. 3). Then, the developer
circulates between the stir conveyance chamber 21 and the
supply conveyance chamber 22 via a developer passage, not
shown, formed at both ends of the partition wall 20a. In other
words, a circulation pathway for the developer is formed in
the developer container 20, by the stir conveyance chamber
21, the supply conveyance chamber 22, and the developer
passage.

The developer container 20 is extended diagonally upward
right in FIG. 3. In the developer container 20, the toner supply
roller 30 is disposed above the supply conveyance screw 255.
The development roller 31 is disposed opposite to the toner
supply roller 30, in the diagonally upward right of the toner
supply roller 30. Then, the development roller 31 is disposed
opposite to the photosensitive drum 1a (see FIG. 1), at an
opening side of the developer container 20 (the right side in
FIG. 3). Each of the toner supply roller 30 and the develop-
ment roller 31 rotates around the rotational axis in an anti-
clockwise direction in FIG. 3.

In the stir conveyance chamber 21, a toner density sensor,
not shown, is disposed opposite to the stir conveyance screw
25a. Based on a result of the detection by the toner density
sensor, toner is supplied from the toner container 4a to the stir
conveyance chamber 21 via a toner supply port that is not
shown. For the toner density sensor, for example, a magnetic
permeability sensor is used. The magnetic permeability sen-
sor detects magnetic permeability of the two component
developer, which includes the toner and the magnetic carrier,
in the developer container 20.

The toner supply roller 30 is a magnetic roller. The toner
supply roller 30 includes a rotational sleeve 30q that is non-
magnetic, and a fixed magnetic member 305. The rotational
sleeve 30qa rotates in an anticlockwise direction in FIG. 3. The
fixed magnetic member 304 is included in the rotational
sleeve 30a and has a plurality of magnetic poles (correspond-
ing to a plurality of magnetic poles 29 in FIG. 13). In other
words, the toner supply roller 30 is a magnetic roller that
carries the two component developer by the plurality of mag-
netic poles provided inside the toner supply roller 30.

The development roller 31 includes the development
sleeve 31a having a cylindrical shape and a development-
roller-side magnetic pole 315. The development sleeve 31a
rotates in an anticlockwise direction in FIG. 3. The develop-
ment-roller-side magnetic pole 315 is fixed inside the devel-
opment sleeve 31a. The toner supply roller 30 and the devel-
opment roller 31 are opposing each other at a predetermined
gap at a facing position (opposing position) thereof. The
development-roller-side magnetic pole 3156 has a reverse
polarity to an opposing magnetic pole (main pole) in the fixed
magnetic member 304.

In addition, to the developer container 20, the ear-cutting
blade 33 is attached in a longitudinal direction of the toner
supply roller 30 (a direction perpendicular to the plane of
paper in FIG. 3). The ear-cutting blade 33 is fixed by fastening
with blade fixing screws 36, to a blade support stay 35
mounted to the developer container 20. The ear-cutting blade
33 is disposed, in the rotational direction (anticlockwise
direction in FIG. 3) of the toner supply roller 30, more
upstream than the position at which the development roller 31
and the toner supply roller 30 are opposing each other. Then,
there is a slight gap between a tip of the ear-cutting blade 33
and a surface of the toner supply roller 30. In other words, the
ear-cutting blade 33 is disposed opposite to the toner supply
roller 30 at a predetermined distance (first predetermined
distance).
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To the development roller 31, a direct current voltage
(hereinafter, referred to as Vslv(DC)) and an alternating cur-
rent voltage (hereinafter, referred to as Vslv(AC)) are applied.
To the toner supply roller 30, a direct current voltage (here-
inafter, referred to as Vmag(DC)) and an alternating current
voltage (hereinafter, referred to as Vmag(AC)) are applied.
These direct current voltages and alternating current voltages
are applied to the development roller 31 and the toner supply
roller 30, from a development bias power via a bias control
circuit (neither is shown).

As described earlier, the toner included in the developer is
charged by circulating the developer, which is concurrently
stirred by the stir conveyance screw 25a and the supply con-
veyance screw 25b, within the stir conveyance chamber 21
and the supply conveyance chamber 22 in the developer con-
tainer 20. The developer in the supply conveyance chamber
22 is carried to the toner supply roller 30 by the supply
conveyance screw 255. Then, a magnetic brush (not shown) is
formed on the toner supply roller 30. The magnetic brush on
the toner supply roller 30, after having a layer thickness
thereofrestricted by the ear-cutting blade 33, is carried, by the
rotation of the toner supply roller 30, to an area where the
toner supply roller 30 and the development roller 31 are
opposing each other. Then, a toner thin layer is formed on the
development roller 31 by a potential difference AV between
the Vmag(DC) applied to the toner supply roller 30 and the
Vslv(DC) applied to the development roller 31, and by the
magnetic field. In other words, the toner supply roller 30
supplies toner to the development roller 31 in the area oppos-
ing the development roller 31.

The thickness of the toner layer on the development roller
31 varies depending on a resistance of the developer, a dif-
ference in rotational speed between the toner supply roller 30
and the development roller 31, and so on, but can be con-
trolled by the potential difference AV. The thickness of the
toner layer on the development roller 31 increases as the
potential difference AV is increased, and the thickness of the
toner layer decreases as the potential difference AV is
decreased. Generally, an appropriate range of the potential
difference AV at the time of development is approximately
100V to 350 V.

The toner thin layer, which is formed on the development
roller 31 as a result of the contact with the magnetic brush
formed onthe toner supply roller 30, is carried, by the rotation
of the development roller 31, to an area where the photosen-
sitive drum 1a and the development roller 31 are opposing
each other. To the development roller 31, Vslv(DC) and Vslv
(ACQ) are applied. Therefore, the potential difference between
the development roller 31 and the photosensitive drum 1a
causes the toner to fly from the development roller 31 to the
photosensitive drum 1a. In other words, the development
roller 31 supplies toner to the photosensitive drum 1a in the
area opposing the photosensitive drum 1a. As a result, the
electrostatic latent image on the photosensitive drum 1a is
developed.

The remaining toner that was not used for the development
is carried again to the area where the development roller 31
and the toner supply roller 30 are opposing each other, and is
collected by the magnetic brush on the toner supply roller 30.
Then, after being taken off the toner supply roller 30 at a
portion having the same magnetic polarity in the fixed mag-
netic member 305, the toner drops into the supply conveyance
chamber 22.

Subsequently, based on the result of the detection by the
toner density sensor (not shown), a predetermined amount of
toner is supplied into the developer container 20 through the
toner supply port (not shown). The developer, supplied with
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toner, becomes a two component developer again that is uni-
formly charged at an appropriate toner density while circu-
lating in the supply conveyance chamber 22 and the stir
conveyance chamber 21. This developer is again supplied
onto the toner supply roller 30 by the supply conveyance
screw 25b and forms a magnetic brush, to be carried to the
ear-cutting blade 33.

The developer container 20 includes an internal wall
opposing the development roller 31, between the ear-cutting
blade 33 and the photosensitive drum 1a. The developer con-
tainer 20 includes a sleeve cover 37 forming the internal wall.
The sleeve cover 37 is a separate member from the developer
container 20.

Specifically, the description is as follows. In the vicinity of
the development roller 31 in a right wall in FIG. 3 in the
developer container 20, the sleeve cover 37 is provided pro-
jecting inward of the developer container 20. The sleeve cover
37 is quasi V-shaped in cross section. As shown in FIG. 3, the
sleeve cover 37 is disposed in a longitudinal direction of the
developer container 20 (in a direction perpendicular to the
plane of paper in FIG. 3). A top surface 37a of the sleeve cover
37 (see FIG. 4) forms the internal wall opposing the develop-
ment roller 31 in the developer container 20.

At an upper end of the sleeve cover 37, a seal member 39 in
a form of film is provided. The seal member 39 has a tip
extended in a longitudinal direction of the sleeve cover 37 (a
direction perpendicular to the plane of paper in FIG. 3), so as
to be in contact with a surface of the photosensitive drum 1a
(see FIG.1). The seal member 39 has a function to shut off the
toner in the developer container 20 from leaking out.

FIG. 4 is a perspective view of the sleeve cover 37 as
viewed from an inside of the developer container 20 (the left
side in FIG. 3). FIG. 5 is an enlarged perspective view of a
vicinity of a rear side end of the sleeve cover 37 (within a
dashed line circle S in FIG. 4).

On the top surface 37a of the sleeve cover 37, a film
member 40 is supported in the longitudinal direction. The
film member 40 has flexibility. For example, the film member
40 includes a flexible material made of resin such as a poly-
ethylene terephthalate (PET) film. As shown in FIG. 4, the
film member 40 is disposed in an almost entire area of the top
surface 37a of the sleeve cover 37.

It should be noted that the film member 40 should prefer-
ably be formed of a material having a weaker toner adhesion
than the sleeve cover 37 (internal wall). For example, for the
material of the film member 40, it is preferable to use a
fluororesin film and the like or to coat the film member 40
with fluororesin so that less toner is likely to be attached than
to the sleeve cover 37. In addition, the film member 40 is to be
vibrated with tension provided as described below, and there-
fore needs to have a certain level of restoring force (tough-
ness).

At the end of the rear side (the right side in FIG. 4) and the
front side (the left side in FIG. 4) of the top surface 37a of the
sleeve cover 37, a guide section 376 and a guide section 37¢
are formed. One and the other ends of the film member 40 are
inserted, respectively, into the guide section 376 and the guide
section 37c¢. At the rear side end of the film member 40, a
locking hole 40a is provided. In the locking hole 40a, one end
of'a coil spring 43 (see FIG. 6) is locked. In addition, at a side
end edge in the front side of the film member 40, a notch 405
having a rectangular shape is formed. The notch 405 is
formed at a position opposing the guide section 37c.

Then, an end of the front side of the film member 40 is
formed as a protruding piece 40c¢ that is further extended
toward the front side through the guide section 37¢, to reach
avicinity of an idler gear 41. The idler gear 41 is connected to
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a drive input gear 45a of the toner supply roller 30 (see FIG.
8) and a drive input gear 4556 of the development roller 31 (See
FIGS. 7 and 8).

In addition, as shown in FIG. 5, on the top surface 37a of
the sleeve cover 37, a rib 42 is provided in the vicinity of the
guide section 375 on the rear side. It should be noted that
although not shown here, another rib 42 having the same
height is provided in the vicinity of the guide section 37¢ on
the front side. With these two ribs 42, the film member 40 is
supported (disposed) at a predetermined distance D (second
predetermined distance) from the top surface 37a (internal
wall) of the sleeve cover 37. The film member 40 can vibrate
in a direction in which the film member 40 moves closer to or
apart from the top surface 37a (internal wall) of the sleeve
cover 37.

Each of FIG. 6 and FIG. 7 is a partial enlarged view of a
vicinity of the rear side and the front side of the sleeve cover
37 mounted to the development device 3a. It should be noted
that FIGS. 6 and 7 show a state of the sleeve cover 37 as
viewed from an outside of the development device 3a (the
right side in FIG. 3). FIGS. 6 and 7 and FIGS. 4 and 5, when
compared, are left-right reversal.

As shown in FIG. 6, the coil spring 43 is connected to at
least one end of the film member 40 in the longitudinal direc-
tion. The coil spring 43 functions as a biasing member. The
coil spring 43 provides tension to the film member 40. Spe-
cifically, the description is as follows.

At the rear side of the sleeve cover 37, one end of the coil
spring 43 is locked in the locking hole 40a of the film member
40. The other end of the coil spring 43 is locked in a locking
portion (not shown) in the sleeve cover 37. On the other hand,
as shown in FIG. 7, in the front side of the sleeve cover 37, the
notch 404 is caught by the guide section 37¢, thereby restrict-
ing the movement of the film member 40 in the longitudinal
direction. The notch 405 is formed at the side end edge of the
film member 40.

With this configuration, one end of the film member 40
(rear side end) is biased toward the rear side by the coil spring
43. On the other hand, the movement of the other end (front
side end) of the film member 40 is restricted by the engage-
ment between the notch 406 and the guide section 37¢. As a
result, the film member 40 is provided with a predetermined
tension in the longitudinal direction.

In addition, a tip of the protruding piece 40c¢ is located in
the vicinity of an outer circumferential surface of the idler
gear 41 disposed in the front side of the development device
3a. The protruding piece 40c is a front side end of the film
member 40 that is extended beyond the guide section 37¢ on
the front side of the sleeve cover 37. The idler gear 41 includes
a plurality of gear teeth 41a. The idler gear 41 includes a
projection 415. The projection 415 is formed by extending
one of the gear teeth 414 inwardly in the outer circumferential
surface of the idler gear 41.

FIG. 8 is a schematic perspective view showing a posi-
tional relationship between the idler gear 41, the drive input
gear 45aq, the drive input gear 455, and the protruding piece
40c¢ in the film member 40, when the toner supply roller 30
rotates forward. FIG. 9 is a partial enlarged view showing a
state of engagement between the idler gear 41, the drive input
gear 454, and the drive input gear 455 in FIG. 8. The drive
input gear 45a functions as a first drive input gear. The drive
input gear 455 functions as a second drive input gear. It should
be noted that the idler gear 41 is a helical gear. Therefore, both
the drive input gear 454 and the drive input gear 455 that are
to be engaged with the idler gear 41 are also helical gears.
However, in FIGS. 8 and 9, descriptions of the gear teeth in
each of the drive input gears 45a and 455 are omitted.
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The idler gear 41 is engaged with the drive input gear 45a
and the drive input gear 45b. The drive input gear 45a pro-
vides an input of rotational drive force to the toner supply
roller 30. The drive input gear 456 provides an input of
rotational drive force to the development roller 31. To the
drive input gear 454, a drive motor (not shown) is connected.
Then, the rotational drive force of the drive input gear 45a is
transmitted to the drive input gear 455 via the idler gear 41. In
addition, the idler gear 41 is movably extrapolated into a
thrust direction with respect to the rotational axis 41¢ (hori-
zontal direction in FIG. 9).

When image formation is performed, by rotating the toner
supply roller 30 and the development roller 31 forward (rotat-
ing in an anticlockwise direction in FIG. 3), the idler gear 41
engaged with the drive input gear 45a and the drive input gear
455 rotates in a direction pointed by arrow X in FIGS. 8 and
9. At this time, as shown in FIG. 9, a pressing force F for
pressing downward is provided to the gear teeth 41a of the
idler gear 41 by the drive input gear 45a. The pressing force F
is divided into a force component F1 and a force component
F2. The force component F1 is a component of force that is
parallel to an extension direction of the gear teeth 41a. The
force component F2 is a component of force that is perpen-
dicular to the extension direction of the gear teeth 41a.

Here, the force component F2 works to press the idler gear
41 rightward. Accordingly, the idler gear 41 moves rightward
along the rotational axis 41¢. As a result, the projection 415
provided in the outer circumferential surface of the idler gear
41 is positioned at a position (first position) where the pro-
jection 415 is apart from the protruding piece 40c¢ in the film
member 40, so that the film member 40 remains stationary
without vibration even when the idler gear 41 rotates.

FIG. 10 is a schematic perspective view showing a posi-
tional relationship between the idler gear 41, the drive input
gear 45a, the drive input gear 455, and the protruding piece
40c in the film member 40, when the toner supply roller 30
reversely rotates. FIG. 11 is a partial enlarged view showing
a state of engagement between the idler gear 41, the drive
input gear 454, and the drive input gear 4556 in FIG. 10. It
should be noted that, in FIGS. 10 and 11, as with FIGS. 8 and
9, the descriptions of the gear teeth in each of the drive input
gears 45a and 456 are omitted.

When image formation is not performed, by reversely
rotating the toner supply roller 30 and the development roller
31 (rotating in a clockwise direction in FIG. 3), the idler gear
41, which transmits a drive force to the drive input gear 455 of
the development roller 31, rotates in a direction pointed by
arrow X# in FIG. 10 and FIG. 11. At this time, as shown in
FIG. 11, a pressing force F# for pushing upward is provided
to the gear teeth 414 of the idler gear 41 by the drive input gear
45a. The pressing force F# is divided into a force component
F1# and a force component F2#. The force component F1# is
a component of force parallel to the extension direction of the
gear teeth 41a. The force component F2# is a component of
force that is perpendicular to the extension direction of the
gear teeth 41a.

Here, since the force component F2# works to press the
idler gear 41 leftward, the idler gear 41 moves leftward along
the rotational axis 41¢. Accordingly, the projection 415 pro-
vided in the outer circumferential surface of the idler gear 41
is positioned at a position (second position) where the pro-
jection 415 overlaps with an end edge of the protruding piece
40c in the film member 40. As a result, the projection 415
comes into contact with the end edge of the protruding piece
40c in the film member 40 each time the idler gear 41 rotates
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one revolution, so that the film member 40, provided with
tension, is caused to vibrate like a string of a stringed instru-
ment.

It should be noted that a moving range along the rotational
axis 41c¢ of the idler gear 41 should preferably be adjusted
such that the overlap of the projection 415 and the end edge of
the protruding piece 40c¢ is approximately 2 mm when the
idler gear 41 moves most leftward (in a direction toward the
protruding piece 40¢). The amount of movement along the
rotational axis 41¢ of the idler gear 41 is adjustable by a tilt of
the gear teeth 41a and the amount of rotation (rotation angle)
of the idler gear 41. Especially, the amount of movement
along the rotational axis 41¢ of the idler gear 41 when image
formation is not performed is adjustable by the tilt of the gear
teeth 41a and the amount of rotation of the idler gear 41 when
image formation is not performed (that is, reverse rotation
amount (reverse rotation angle) of the idler gear 41).

As has been described with reference to figures FIG. 8 to
FIG. 11, the idler gear 41 is reciprocally movable between the
first position and the second position along the rotational axis
41c of the idler gear 41. The first position is a position where
the projection 415 is apart from the end edge of the film
member 40 (protruding piece 40c¢) in response to the rotation
of the toner supply roller 30 when image formation is per-
formed. The second position is a position where the projec-
tion 415 overlaps with the end edge of the film member 40
(protruding piece 40c¢) in response to the reverse rotation of
the toner supply roller 30 when image formation is not per-
formed.

The idler gear 41, when image formation is performed, is
positioned at the first position by rotating the toner supply
roller 30. On the other hand, the idler gear 41, when image
formation is not performed, is positioned at the second posi-
tion by rotating the toner supply roller 30 in a direction
opposite to the direction in performing image formation. The
projection 415 of the idler gear 41 causes the film member 40
to vibrate by intermittently coming into contact with the end
edge of'the film member 40 (protruding piece 40¢) along with
the rotation of the idler gear 41 positioned at the second
position.

FIG. 12 is a partial cross-sectional view of a vicinity of the
sleeve cover 37 of the development device 3a. Due to the
vibration in the film member 40 when image formation is not
performed, as shown in FIG. 12, the toner accumulating on
the film member 40 becomes separated and shaken off. As a
result, the toner supply roller 30 and the development roller
31 in the development device 3a rotate at high speed, thereby
allowing suppressing toner accumulation on the top surface
37a of the sleeve cover 37 even if there is a large amount of
toner floating in the developer container 20. The toner shaken
off the film member 40 falls onto a region R that is sand-
wiched between the sleeve cover 37 and the toner supply
roller 30.

The toner, fallen onto the region R and temporarily accu-
mulating in the vicinity of the tip of the ear-cutting blade 33,
is collected by a magnetic brush formed on the surface of the
toner supply roller 30 that is reversely rotating. The collected
toner passes through the gap between the toner supply roller
30 and the ear-cutting blade 33 along with the reverse rotation
of the toner supply roller 30. Then, the toner is taken off the
toner supply roller 30 at a potion having the same polarity in
the fixed magnetic member 304, to be forcibly returned to the
supply conveyance chamber 22 (See FIG. 3).

Thus, it is possible to suppress adhesion of toner to the
toner supply roller 30 or the development roller 31, which is
caused by aggregation of (blocking by) the toner having accu-
mulated on the top surface 37a of the sleeve cover 37. As a
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result, it is possible to effectively suppress an image defect
due to toner drop and so on, without depending on the rotation
speeds of the toner supply roller 30 and the development
roller 31.

On the other hand, the film member 40 does not vibrate at
atime of image formation when the toner supply roller 30 and
the development roller 31 rotate forward. Therefore, it is less
likely that the toner, having accumulated on the film member
40, is shaken off and falls onto the toner supply roller 30 when
image formation is performed. As a result, it is also possible
to prevent the occurrence of an image defect due to toner
drop. Then, by reversing the rotation of the toner supply roller
30 and the development roller 31 when image formation is not
performed, it is possible to vibrate the film member 40 so as
to shake off the accumulated toner, collect the toner by the
magnetic brush of the toner supply roller 30 that is reversing
rotation, and efficiently return the collected toner to the sup-
ply conveyance chamber 22.

In addition, to prevent toner accumulation by vibrating the
film member 40, it is not necessary to separately provide a
toner removing member like a brush member for removing
the toner on the sleeve cover 37. As a result, it is possible to
achieve compactness and space saving. In addition, it is less
likely that a foreign substance derived from the toner remov-
ing member circulates with the developer in the developer
container 20. As a result, it is possible to effectively prevent an
image defect such as a void image caused by the foreign
substance stuck in a gap between the ear-cutting blade 33 and
the toner supply roller 30.

Furthermore, the film member 40 is caused to vibrate using
the rotation of the idler gear 41 that inevitably rotates when
the toner supply roller 30 and the development roller 31
rotate. Therefore, it is not necessary to separately provide a
dedicated motor, an actuator, and so on for providing vibra-
tion to the film member 40. As a result, it is possible to
simplify the internal configuration of the development device
3a.

It should be noted that in the present embodiment, one
projection 415 is provided in the outer circumferential surface
of'the idler gear 41 (see FIG. 10 and FIG. 11). However, the
number of projections 415 is arbitrarily adjustable depending
on the rotation speed and/or the rotation time of the toner
supply roller 30 and the development roller 31 when image
formation is not performed (that is, the reverse rotation speed
and/or the reverse rotation time of the toner supply roller 30
and the development roller 31). For example, the lower the
reverse rotation speed of the toner supply roller 30 and the
development roller 31, the lower the rotation speed of the
idler gear 41. In addition, the shorter the reverse rotation time
of the toner supply roller 30 and the development roller 31,
the shorter the rotation time of the idler gear 41. When the
rotation speed of the idler gear 41 is low and/or when the
reverse rotation time of the idler gear 41 is short, it is possible
to sufficiently vibrate the film member 40 by increasing the
number of projections 415 and thereby increasing the number
of contacts with the protruding piece 40c¢ in the film member
40.

The timing for reversely rotating the toner supply roller 30
and the development roller 31 is at a predetermined point in
time, for example, when printing operation is finished, when
the number of printed pages reaches a predetermined number,
or when the temperature within the development device 3a is
not less than a predetermined level, and so on. In addition, for
example, the reverse rotation may be performed each time the
printing operation is finished.

In the meantime, in single printing, toner is more likely to
accumulate on the film member 40 than in continuous print-
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ing. The reason can be considered that the rotation of the toner
supply roller 30 and the development roller 31 intermittently
stops during single printing, thus causing less air flow within
the developer container 20 than in continuous printing. Like-
wise, since the fluidity of toner decreases in high-temperature
high-humidity environment, the toner is more likely to accu-
mulate on the film member 40 than in an environment under
normal temperature and normal humidity.

Thus, during single printing, the toner supply roller 30 and
the development roller 31 are caused to reversely rotate, for
every smaller number of pages than in continuous printing.
Under the high-temperature high-humidity environment, the
toner supply roller 30 and the development roller 31 are
caused to reverse the rotation, for every smaller number of
pages than in the environment under normal temperature and
normal humidity. As aresult, even in single printing and under
the high-temperature and high-humidity environment, it is
possible to effectively prevent toner accumulation on the film
member 40.

Second Embodiment

FIG. 13 is a side cross-sectional view of a development
device 3a according to a second embodiment of the present
disclosure. FIG. 14 is a partial enlarged view of a vicinity of
an ear-cutting blade 33 in FIG. 13. According to the present
embodiment, the development device 3a includes a position-
ing mechanism. The positioning mechanism positions a
sleeve cover 37 with respect to the ear-cutting blade 33. Then,
the positioning mechanism allows maintaining, at a constant
level, a distance L. between an opposite surface 37d of the
sleeve cover 37, which is a surface opposing a toner supply
roller 30, and an edge 33a (a tip) of the ear-cutting blade 33.
The configuration of another portion of the development
device 3a and a mechanism for vibrating a film member 40
are the same as those in the first embodiment and therefore the
descriptions thereof are omitted.

In collecting the toner fallen from the film member 40 onto
the ear-cutting blade 33, the distance L is extremely impor-
tant. If the distance L is too large, and when rotating the toner
supply roller 30 in the opposite direction, the magnetic brush
does notreach the toner that has accumulated in the vicinity of
the opposite surface 37d on the ear-cutting blade 33. As a
result, it is not possible to sufficiently collect the toner. On the
other hand, if the distance L is too small, the toner falls
directly onto the toner supply roller 30 from the film member
40 during image formation. As a result, an image defect
occurs due to toner drop.

Thus, as described in the present embodiment, a position-
ing mechanism is provided for positioning the sleeve cover 37
with respect to the ear-cutting blade 33. Thus, it is possible to
constantly maintain the distance L. at a constant level. As a
result, it is possible to effectively suppress insufficient col-
lection of the toner accumulating on the ear-cutting blade 33
and occurrence of an image defect due to toner drop.

Next, the following describes, more specifically, the posi-
tioning mechanism for the sleeve cover 37 according to the
present embodiment. FIG. 15 is a perspective view showing a
state in which the ear-cutting blade 33 is exposed by removing
the sleeve cover 37 from the development device 3a accord-
ing to the present embodiment. FIG. 16 is a perspective view
of the sleeve cover 37 used for the development device 3a
according to the present embodiment as viewed from a back
side (a contact surface side having contact with the ear-cut-
ting blade 33).

The positioning mechanism includes a positioning pin 53«
and a positioning pin 535, and a pin hole 574 and a pin hole
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57b corresponding to the positioning pins 53a and 535. The
positioning pins 53a and 535 are formed on the top surface of
the ear-cutting blade 33. The pin holes 57a and 576 are
formed in the sleeve cover 37, on the surface having contact
with the top surface of the ear-cutting blade 33.

In addition, the positioning mechanism further includes: a
first positioning boss 554 and a first positioning boss 555, and
a first positioning hole 51a and a first positioning hole 515.
The first positioning bosses 55a and 555 are formed in the
sleeve cover 37, on the surface having contact with the ear-
cutting blade 33. The first positioning holes 51a and 515 are
formed on the top surface of the ear-cutting blade 33, corre-
sponding to the first positioning bosses 55a and 5564.

Furthermore, the positioning mechanism further includes a
second positioning boss 55¢ and a second positioning hole
51c. The second poisoning boss 55¢ is formed in the sleeve
cover 37, on a surface having contact with the ear-cutting
blade 33. The second positioning hole 51¢ is formed on the
top surface of the ear-cutting blade 33, corresponding to the
second positioning boss 55¢. In addition, the second position-
ing hole 51¢ is formed in the same shape as the second
positioning boss 55c¢.

The following describes the positioning mechanism in fur-
ther details. As shown in FIG. 15, the ear-cutting blade 33 is
fixed by fastening with blade fixing screws 36, to a blade
support stay 35 mounted to the developer container 20. In
addition, on the top surface of the ear-cutting blade 33,
formed are: the first positioning hole 51a and the first posi-
tioning hole 515 at two points, and the second positioning
hole 51c at one point. The first positioning holes 51a and 515
are elongated holes along the longitudinal direction of the
ear-cutting blade 33. The second positioning hole 51c is a
round hole having the same shape as the second positioning
boss 55¢ (see FIG. 16). At two points on the top surface of the
ear-cutting blade 33, the positioning pins 53a and 535 are
formed.

As shown in FIG. 16, on the back surface of the sleeve
cover 37, the first positioning boss 55a that is to be engaged
with the first positioning hole 514 in the ear-cutting blade 33
(see FIG. 15) and the first positioning boss 554 that is to be
engaged with the first positioning hole 515 in the ear-cutting
blade 33 (see FIG. 15) are provided in a projecting manner.
On the back surface of the sleeve cover 37, the second posi-
tioning boss 55¢ that is to be engaged with the second posi-
tioning hole 51¢ in the ear-cutting blade 33 (see FIG. 15) is
provided in a projecting manner.

In addition, in the back surface of the sleeve cover 37,
formed are: the pin hole 57a and the pin hole 575 at two
points, and a clearance hole 60q, a clearance hole 605, and a
clearance hole 60c at three points. With the pin hole 574, the
positioning pin 53« in the ear-cutting blade 33 (see FIG. 15)
is to be engaged. With the pin hole 575, the positioning pin
534 in the ear-cutting blade 33 (see FIG. 15) is to be engaged.
The clearance holes 60a to 60c¢ are provided to avoid inter-
ference between the blade fixing screws 36 (see FIG. 15) and
the sleeve cover 37.

FIG. 17 is a plan view showing a state of engagement
between the positioning pin 53a and the pin hole 57a. FIG. 18
is a cross-sectional view showing a state of engagement
between the positioning pin 53¢ and the pin hole 574 (cross
sectional view taken along line XVIII-XVIII in FIG. 17). The
following describes a relationship between the positioning
pin 53a and the pin hole 574, but the relationship between the
positioning pin 535 (see FIG. 15) and the pin hole 575 (see
FIG. 16) can be described in exactly the same way.

The positioning pin 53« includes a head 61 and a shank 63.
The head 61 is formed on a tip of the shank 63. The shank 63
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is provided on the top surface of the ear-cutting blade 33 in a
projecting manner. The head 61 has a greater diameter than
the diameter of the shank 63. In other words, the shank 63 has
a smaller diameter than the diameter of the head 61.

The pin hole 57a is formed in a keyhole shape in planer
view, including an engagement hole 65 having a round shape
and a guide hole 67 having a shape of an elongated hole. The
guide hole 67 is extended almost parallel to the longitudinal
direction of the sleeve cover 37. The guide hole 67 is com-
municated with the engagement hole 65. The engagement
hole 65 has an inner diameter W1 that is formed to be greater
than a diameter R1 of the head 61 of the positioning pin 53a.
The guide hole 67 has a width W2 that is formed to be smaller
than the diameter R1 of the head 61 and greater than a diam-
eter R2 of the shank 63. In addition, the shank 63 has a height
H that is slightly greater than a thickness T of a base of the
sleeve cover 37. It should be noted that the first positioning
holes 51a and 515 formed in the ear-cutting blade 33 have a
shape of an elongated hole that is parallel to the guide hole 67.

Next, the following describes how to attach the sleeve
cover 37 with reference to figures FIG. 13 to FIG. 18. First,
the sleeve cover 37 is brought into contact with the top surface
of the ear-cutting blade 33 such that the engagement hole 65
for the pin hole 57a and the engagement hole 65 for the pin
hole 57h, which are formed on the back surface of the sleeve
cover 37, are engaged with, respectively, the positioning pin
53a and the positioning pin 534 that are formed on the top
surface of the ear-cutting blade 33.

At this time, since the clearance holes 60a to 60c¢ are
formed in the back surface of the sleeve cover 37, at positions
opposing the three blade fixing screws 36, the back surface of
the sleeve cover 37 and the top surface of the ear-cutting blade
33 closely contact with each other.

The first positioning boss 55a and the first positioning boss
55b that are formed on the back surface of the sleeve cover 37
are engaged with, respectively, one end of the first positioning
hole 514 and one end of'the first positioning hole 515 (left end
in FIG. 15) that are formed on the top surface of the ear-
cutting blade 33. The position of the sleeve cover 37 in a width
direction with respect to the ear-cutting blade 33 (the hori-
zontal direction in FI1G. 14) is determined by the engagement
between the first positioning boss 55a and the first positioning
hole 51a and the engagement between the first positioning
boss 555 and the first positioning hole 515. It should be noted
that in this state the second positioning boss 55¢ and the
second positioning hole 51¢ are not engaged with each other,
thereby allowing movement in the longitudinal direction of
the sleeve cover 37. In other words, the engagement of the first
positioning bosses 55a¢ and 556 with the first positioning
holes 514 and 515 allows the movement of the sleeve cover 37
in a longitudinal direction with respect to the ear-cutting
blade 33 and restricts the movement of the sleeve cover 37 in
the width direction with respect to the ear-cutting blade 33.

Next, the sleeve cover 37 is slid in the longitudinal direc-
tion of the ear-cutting blade 33 (direction of arrow B). As a
result, the first positioning boss 55a moves from one end of
the first positioning hole 51a (left end in FIG. 15) to the other
end (right end in FIG. 15). At the same time, the first posi-
tioning boss 556 moves from one end (left end in FIG. 15) of
the first positioning hole 515 to the other end (right end in
FIG. 15). In addition, the second positioning boss 55¢ and the
second positioning hole 51c¢ are engaged with each other,
thereby restricting the movement of the sleeve cover 37 in the
longitudinal direction with respect to the ear-cutting blade 33.
In other words, when the sleeve cover 37 is slid to a position
where each of the positioning pins 53¢ and 535 becomes
engaged with the guide hole 67, the engagement between the
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second positioning boss 55¢ and the second positioning hole
51c restricts the movement of the sleeve cover 37 in the
longitudinal direction with respect to the ear-cutting blade 33.

Then, along with sliding of the sleeve cover 37, the pin hole
57a engaged with the positioning pin 53a and the pin hole 575
engaged with the positioning pin 535 also move in the direc-
tion of arrow B (shown by dashed line in FIG. 17). As a result,
an engagement position of the positioning pin 53a with
respect to the pin hole 574 and an engagement position of the
positioning pin 535 with respect to the pin hole 575 move
from the engagement hole 65 to the guide hole 67. As
described above, the head 61 of each of the positioning pins
53a and 5354 has a diameter R1 that is greater than the width
W2 ofthe guide hole 67. Therefore, a peripheral portion of the
guide hole 67 is clamped between the top surface of the
ear-cutting blade 33 and the head 61, thus restricting move-
ment in the vertical direction of the sleeve cover 37 with
respect to the ear-cutting blade 33. In other words, by engag-
ing each of the positioning pins 53a and 535 with the engage-
ment hole 65 and sliding the sleeve cover 37 to the position
where the positioning pins 534 and 535 become engaged with
the guide holes 67, the vertical movement of the sleeve cover
37 with respect to the ear-cutting blade 33 is restricted.

With the configuration above, the position of the sleeve
cover 37 is determined in longitudinal, width, and vertical
directions with respect to the ear-cutting blade 33. As aresult,
it is possible to maintain, at a constant level, the distance L.
between an opposite surface 37d of the sleeve cover 37, which
is opposing the toner supply roller 30, and the edge 33a of the
ear-cutting blade 33. In addition, it is possible to fix the sleeve
cover 37 to the ear-cutting blade 33 without using a fixing
member such as a screw. As aresult, it is possible to reduce the
number of members, thus also improving workability in
installation of the sleeve cover 37.

Here, by sliding the sleeve cover 37 in the width direction
of'the ear-cutting blade 33 (horizontal direction in FIG. 14), it
is possible to engage the positioning pins 53a and 535 with
the pin holes 57a and 575, engage the first positioning bosses
55a and 555 with the first positioning holes 51a and 515, and
engage the second positioning boss 55¢ with the second posi-
tioning hole 51c.

However, for sliding the sleeve cover 37 in the width direc-
tion, it becomes necessary to form the clearance holes 60a to
60c for the blade fixing screws 36 on the opposite surface 374
of'the sleeve cover 37. Accordingly, it is not possible to form
the opposite surface 37d into a flat surface, so that the distance
L between the opposite surface 37d and the edge 33a is not
constant in the longitudinal direction of the sleeve cover 37.
As aresult, there is a possibility of being unable to uniformly
collect the toner that has accumulated in the vicinity of the
edge 33a of the ear-cutting blade 33.

In addition, with a configuration in which the clearance
holes 60a to 60c are engaged with the blade fixing screws 36
such that the clearance holes cover the blade fixing screws 36,
itis possible to slide the sleeve cover 37 in the width direction
onthe opposite surface 374 formed as a flat surface. However,
in this case, the ear-cutting blade 33 needs to have a sufficient
width (blade width) for sliding the sleeve cover 37 in the
width direction. Thus, this is not preferable in terms of
smaller size and compactness of the development device 3a
because securing the blade width involves an increase in size
of the development device 3a. Thus, as described in the
present embodiment, the configuration should preferably be
such that the guide hole 67, the first positioning hole 51a, and
the first positioning hole 515 are formed parallel to the lon-
gitudinal direction of the sleeve cover 37 and the ear-cutting
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blade 33, and the positioning is performed by sliding the
sleeve cover 37 in the longitudinal direction of the ear-cutting
blade 33.

Additionally, the present disclosure is not limited to each of
the embodiments as described above, and various modifica-
tions are possible without departing from the scope of the
present disclosure. For example, the shape and configuration
of the sleeve cover 37 and the film member 40 as shown in
each of the embodiments above are mere examples and are
therefore not particularly limited by each of the embodiments
above, and these can be appropriately set according to the
configuration and so on of the development device 3a.

For example, in each of the embodiments above, a locking
hole 40a to which the coil spring 43 is connected is provided
at one end of the film member 40, and a notch 405 to be
engaged with the guide 37¢ is provided at the other end of the
film member 40. However, the locking holes 40a may be
provided on both ends of the film member 40, and the coil
spring 43 may be connected to each locking hole 40a. In
addition, each of the embodiments above assumes a configu-
ration in which the protruding piece 40c¢ in the film member
40 is caused to vibrate using the projection 415 provided in
the idler gear 41. However, it is also possible to vibrate the
protruding piece 40¢ in the film member 40 using another
gear included in a drive gear row in the toner supply roller 30
or in a drive gear row in the development roller 31.

In addition, in each of the embodiments above, the present
disclosure has been applied to the developing devices 3a to
3d, which use a two component developer, form a magnetic
brush on the toner supply roller 30, move only the toner from
the toner supply roller 30 to the development roller 31, and
supply the toner from the development roller 31 to the pho-
tosensitive drums 1a to 1d.

However, other than these, as shown in FIG. 19, the internal
configuration of the development roller 31 and the internal
configuration of the toner supply roller 30 may be reversal to
those in each of the embodiments above.

In other words, the development roller 31 includes a devel-
opment sleeve 31a and a fixed magnetic member 31c. The
fixed magnetic member 31c is included in the development
sleeve 31a and has a plurality of magnetic poles (correspond-
ing to a plurality of magnetic poles 29 in FIG. 13). Thus, the
development roller 31 is a magnetic roller having the same
configuration as the toner supply roller 30 in each of the
embodiments above. In other words, the development roller
31 is a magnetic roller that carries the two component devel-
oper by the plurality of magnetic poles provided inside the
development roller 31.

The toner supply roller 30 includes a rotation sleeve 30a
and a toner-supply-roller-side magnetic pole 30c. The toner-
supply-roller-side magnetic pole 30c¢ is fixed inside the toner
supply roller 30. The toner-supply-roller-side magnetic pole
30c¢ has a polarity opposite to the polarity of the opposing
magnetic pole (main pole) in the fixed magnetic member 31c.
Thus, the toner supply roller 30 has the same configuration as
the development roller 31 in each of the embodiments above.

The toner is supplied to the photosensitive drums 1a to 14
by the magnetic brush including the two component devel-
oper held by the surface of the development roller 31. Along
with supplying the toner held by the surface of the toner
supply roller 30 to the development roller 31, surplus toner on
the surface of the development roller 31 is collected using the
toner supply roller 30.

The present disclosure is applicable to a development
device including the development roller 31 and the toner
supply roller 30 as shown in FIG. 19. In this configuration, it
is also possible to effectively suppress the accumulation of
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toner, which has fallen from the development roller 31, in the
vicinity of the restricting blade 33 opposing the toner supply
roller 30.

In addition, in each of the embodiments above, the color
printer 100 of a tandem type has been described as an
example, but the present disclosure, other than this, is also
applicable to a monochrome copier, a color copier, a digital
multifunction peripheral, a monochrome printer, a facsimile
machine, and so on.

The present disclosure can be used for a development
device (development devices 3a to 3d) that includes an inter-
nal wall (sleeve cover 37) opposing a development roller
(development roller 31) between a blade (ear-cutting blade
33) in a casing (developer container 20) and an image carrier
(photosensitive drums 1a to 1d), According to the present
disclosure, it is possible to effectively suppress toner accu-
mulation on the internal wall in the development device. In
addition, in an image forming apparatus (color printer 100), it
is possible to effectively prevent an image defect due to toner
drop resulting from the toner accumulation by including the
development device as described above.

According to the present disclosure, by reversing the rota-
tion of the toner supply roller (toner supply roller 30) when
image formation is not performed, an idler gear (idler gear 41)
included in a drive gear row in the toner supply roller is
positioned at a second position, and a projection (projection
41b) provided in the idler gear causes a film member (film
member 40) to vibrate like a string of a stringed instrument.
Accordingly, the toner that has accumulated on the film mem-
ber is effectively shaken off and falls into a gap between the
toner supply roller and the internal wall (sleeve cover 37). As
a result, it is possible to effectively suppress toner accumula-
tion in the vicinity of the blade (ear-cutting blade 33) in the
casing (developer container 20).

In addition, by reversing the rotation of the toner supply
roller (toner supply roller 30), the toner, which has fallen into
the gap between the toner supply roller and the internal wall
(sleeve cover 37) and has accumulated on a tip of the blade
(ear-cutting blade 33), is collected by a magnetic brush
formed on a surface of the toner supply roller. The toner thus
collected passes through a gap between the toner supply roller
and the blade along with the reverse rotation of the toner
supply roller, and is forcibly returned into the casing (devel-
oper container 20). Furthermore, during image formation, the
film member (film member 40) is not caused to vibrate as a
result of positioning the idler gear (idler gear 41) at a first
position, thus making it less likely that the toner that has
accumulated on the film member is shaken off and fall onto
the toner supply roller when image formation is performed.

What is claimed is:

1. A development device including: a development roller
that is disposed opposite to an image carrier on which an
electrostatic latent image is formed and that supplies toner to
the image carrier in an area opposing the image carrier; a
toner supply roller that is disposed opposite to the develop-
ment roller and supplies toner to the development roller in an
area opposing the development roller; a restricting blade dis-
posed opposite to the toner supply roller at a first predeter-
mined distance; and a casing that houses the development
roller, the toner supply roller, and the restricting blade,
wherein

the casing includes an internal wall opposing the develop-

ment roller between the restricting blade and the image
carrier,

the development device comprising:

a film member disposed at a second predetermined dis-

tance from a top surface of the internal wall, the film
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member having flexibility and capable of vibrating in a
direction in which the film member moves closer to or
apart from the internal wall;

a biasing member that is connected to at least one end in a
longitudinal direction of the film member and provides
tension to the film member; and

an idler gear that is a helical gear, wherein

the idler gear includes at least one projection,

the idler gear is reciprocally movable along a rotational
axis of the idler gear between a first position and a
second position,

the first position is a position where the projection is apart
from an end edge of the film member in response to a
rotation of the toner supply roller when image formation
is performed,

the second position is a position where the projection over-
laps with the end edge of the film member in response to
a reverse rotation of the toner supply roller when image
formation is not performed, and

the projection causes the film member to vibrate by inter-
mittently coming into contact with the end edge of the
film member along with the rotation of the idler gear
positioned at the second position.

2. The development device according to claim 1, wherein

the casing includes a sleeve cover that forms the internal
wall,

the development device further comprising

a positioning mechanism that positions the sleeve cover
with respect to the restricting blade such that a distance
between an opposite surface of the sleeve cover and a tip
of the restricting blade is constant, the opposite surface
opposing the toner supply roller.

3. The development device according to claim 2, wherein

the positioning mechanism includes:

aplurality of positioning pins formed on a top surface of
the restricting blade; and

aplurality of pin holes formed on a contact surface of the
sleeve cover, the plurality of pin holes corresponding
to the plurality of positioning pins, and the contact
surface having contact with the top surface of the
restricting blade,

each of the plurality of positioning pins includes:

a shank provided on the top surface of the restricting
blade in a projecting manner; and

ahead formed on a tip of the shank and having a diameter
greater than a diameter of the shank, and

each of the plurality of pin holes includes:
an engagement hole having an inner diameter greater

than the diameter of the head; and

a guide hole communicated with the engagement hole
and having a shape of an elongated hole, the guide
hole having a width that is smaller than the diameter
of the head and is greater than the diameter of the
shank.

4. The development device according to claim 3, wherein

the guide hole is extended almost parallel to a longitudinal
direction of the sleeve cover.

5. The development device according to claim 4, wherein

the positioning mechanism further includes:

a first positioning boss formed on the contact surface of
the sleeve cover, the contact surface having contact
with the restricting blade; and

a first positioning hole formed on the top surface of the
restricting blade and having a shape of an elongated
hole that is parallel to the guide hole, the first posi-
tioning hole being formed corresponding to the first
positioning boss.
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6. The development device according to claim 5, wherein
the positioning mechanism further includes:

a second positioning boss formed on the contact surface
of'the sleeve cover, the contact surface having contact
with the restricting blade; and

a second positioning hole formed on the top surface of
the restricting blade and having a same shape as the
second positioning boss, the second positioning hole
being formed corresponding to the second position-
ing boss.

7. The development device according to claim 6, wherein

when the sleeve cover is slid to a position where the posi-
tioning pin becomes engaged with the guide hole, an
engagement between the second positioning boss and
the second positioning hole restricts a movement of the
sleeve cover in a longitudinal direction with respect to
the restricting blade.

8. The development device according to claim 3, wherein

a movement of the sleeve cover in a vertical direction with
respect to the restricting blade is restricted by engaging
the positioning pin with the engagement hole and sliding
the sleeve cover to a point where the positioning pin
becomes engaged with the guide hole.

9. The development device according to claim 5, wherein

an engagement between the first positioning boss and the
first positioning hole allows a movement of the sleeve
cover in a longitudinal direction with respect to the
restricting blade, and restricts a movement of the sleeve
cover in a width direction with respect to the restricting
blade.

10. The development device according to claim 1, wherein

the idler gear is positioned, when image formation is per-
formed, at the first position by rotating the toner supply
roller, and the idler gear is positioned, when image for-
mation is not performed, at the second position by rotat-
ing the toner supply roller in a direction opposite to the
direction in performing image formation.

11. The development device according to claim 1, further
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a first drive input gear for providing an input of rotation
drive force to the toner supply roller; and

a second drive input gear for providing an input of rotation
drive force to the development roller, wherein

the idler gear is engaged with the first drive input gear and
the second drive input gear.

12. The development device according to claim 1, wherein

the idler gear includes a plurality of gear teeth, and

an amount of movement of the idler gear along the rota-
tional axis when image formation is not performed is
adjusted by a tilt of the gear teeth and an amount of
rotation of the idler gear when image formation is not
performed.

13. The development device according to claim 1, wherein

the number of the at least one projection is set, according to
arotation speed and/or a rotation time of the toner supply
roller and the development roller when image formation
is not performed.

14. The development device according to claim 1, wherein

the film member is formed of a material having a toner
adhesion weaker than a toner adhesion of the internal
wall.

15. The development device according to claim 1, wherein

the toner supply roller is a magnetic roller that carries a two
component developer by a plurality of magnetic poles
provided inside the toner supply roller, and

the two component developer includes toner and a carrier.
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16. The development device according to claim 1, wherein
the development roller is a magnetic roller that carries a
two component developer by a plurality of magnetic
poles provided inside the development roller, and
the two component developer includes toner and a carrier. 5
17. An image forming apparatus including the develop-
ment device according to claim 1.
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